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transport the material; a pneumatic conveying apparatus to 
Which the material is transferred from the feeder; at least one 
blockage sensing device in the conveyor; and a control 
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APPARATUS AND METHOD FOR 
TRANSPORTING WASTE MATERIALS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an apparatus and method 

for transporting solid Waste materials. The apparatus and 
method are particularly, but not exclusively, for transporting 
drill cuttings and other Waste resulting from the drilling of 
a borehole or a tunnel. 

2. Description of Related Art 
A drill bit arranged on the end of a drill pipe string is used 

to drill a borehole or tunnel in the formation of an oil or gas 
Well or the like. A drilling ?uid knoWn as odrilling mudo is 
pumped through the drill string to the drill bit to lubricate the 
drill bit. The drilling mud is also used to carry the cuttings 
produced by the drill bit to the surface through the annulus 
formed betWeen the drill string and the borehole or tunnel. 
The drilling mud contains expensive synthetic oil-based 
lubricants and it is normal therefore to recover the used 
drilling mud, but this requires the cuttings to be removed 
from the drilling mud. Typically this is achieved by pro 
cessing the drilling ?uid With a vibratory screening machine 
(eg of the type disclosed in US. Pat. No. 5,265,730 or W0 
98/ 16328), Which separates the cuttings from the drilling 
?uid. 

In the past, on oil platforms out at sea, such cuttings Were 
simply throWn overboard but this practice has been discon 
tinued, as being environmentally damaging. It is knoWn to 
pass the recovered cuttings into a oditcho (i.e. a duct or 
channel), from Which the cuttings are removed by the 
application of suction from a vacuum hose, the cuttings 
being transported along the vacuum hose and deposited in a 
collection hopper. Such a method is labour intensive, typi 
cally requiring three people to perform the operation: one 
person to guide the hose along the ditch, one to monitor the 
collection hopper, and a third person to clear any blockages 
in the hose. 

BRIEF SUMMARY OF THE INVENTION 

In a ?rst aspect the invention provides an apparatus for 
transporting solid Waste materials, the apparatus comprising: 
an upstream Waste supply means; feed means to transport 
Waste from the Waste supply means to a pneumatic convey 
ancing means; Which pneumatic conveyancing means com 
prises a tube Within Which Waste material is transferred from 
the feed means to a doWnstream Waste collector; Wherein 
said tube is associated With at least one blockage sensing 
device, and electronic data processing means to process data 
output from the blockage sensing device. 

In a second aspect the invention provides an apparatus for 
transporting solid Waste materials, the apparatus comprising: 
an upstream Waste supply means; variable rate feed means 
to transport Waste from the Waste supply means to a pneu 
matic conveyancing means; Which pneumatic conveyancing 
means comprises a tube Within Which Waste is transferred 
from the feed means to a doWnstream Waste collector, 
Wherein the doWnstream Waste collector comprises a level 
sensing device to sense the amount of Waste accumulated in 
the collector; and electronic data processing means to pro 
cess data output from the level sensing means. 

The level sensing device may be entirely conventional of 
the type knoWn to those skilled in the art (eg an optical-type 
sensor, an electrical conductivity/resistivity-type sensor or 
the like). The level sensing device may provide a continuous 
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2 
oquantitativeo read-out, or may simply provide a oqualita 
tiveo read-out (e.g. being triggered to provide a signal When 
the amount of Waste in the collector reaches a predetermined 

level). 
The tube of the pneumatic conveyancing means may 

comprise a ?exible hose or if conditions alloW, a solid 
Walled pipe. 
The apparatus is preferably suited to handle Waste mate 

rial comprising cuttings produced in the formation of a 
borehole. Most preferably, in the formation of an oil or gas 
Well. 

Advantageously, the feed means is a variable rate feed 
means and preferably the apparatus further comprises con 
trol means to control the rate of the variable rate feed means. 
In certain circumstances, this Will be responsive to the 
output of the blockage sensing device. 

Preferably, the apparatus further comprises an upstream 
hopper arranged betWeen the upstream Waste supply means 
and the pneumatic conveyancying means. In this Way, the 
Waste supply means, Which generally comprises a screW 
thread conveyor, can be maintained at a constant speed, or 
one Which is solely dependent on the quantity of Waste being 
discharged from the shale shakers. It is preferable to have a 
conveyor arranged beneath said hopper for feeding said 
pneumatic conveyancing means, Which is preferably of the 
screW thread type and advantageously, controllable so as to 
be able to adjust the rate at Which Waste is fed into the 
pneumatic conveyancing means and most preferably con 
trolled by a variable frequency drive means so that the speed 
of rotation of a screW-threaded conveyor. 

The rate at Which solid Waste is generated depends upon 
the speed of penetration of the drill bit. This can be highly 
variable and may often ?uctuate considerably depending on 
the resistance of the material being drilled, such that if the 
drill bit encounters (for example) a Weaker rock stratum the 
rate of drill penetration Will signi?cantly increase and there 
Will be a sudden surge of drill cuttings produced. The use of 
an upstream Waste supply means in the form of a hopper or 
similar relatively large volume device prevents an equiva 
lent surge in the rate of cuttings progressing doWnstream in 
the apparatus of the invention. 

Advantageously, the apparatus further comprises at least 
tWo doWnstream Waste collectors, each doWnstream Waste 
collector being provided With a level sensing device. In this 
Way, the apparatus may be operated continuously if desired: 
a ?rst Waste collector is used to collect the Waste initially. 
When the level sensing device detects that the collector is 
nearly full a valve can be closed, cutting off the supply of 
Waste to the ?rst collector and (typically) another valve 
opened so as to direct the Waste to a second Waste collector. 
The ?rst Waste collector may then be emptied Whilst the 
second collector is in use, and vice versa. 

The pneumatic conveyancing means preferably comprises 
means to provide a positive pressure, such that, in use, the 
positive pressure pushes the Waste through said tube. 
Although it is most advantageous to provide a negative 
pressure, such that, in use, the negative pressure pulls the 
Waste through said tube. The means may comprises an 
impeller, preferably a Roots type fan. 
The preferred range of negative pressure is betWeen —l4 

to —24 inches of mercury (Hg) (—47.4 kPa to 81.3 kPa). A 
negative pressure of this magnitude is capable of causing air 
to move Within the pneumatic pipe or hose at a velocity of 
at least 40 meters/ sec, Which the inventor considers to be the 
minimum velocity desirable to transport Waste of the type 
typically found in drill cuttings. 
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The pneumatic pipe or hose Will typically be of the order 
of 5(L100 m in length and most typically about 50*75 m. A 
suitable pneumatic pipe Will typically be formed from 
stainless steel, Whereas a suitable ?exible hose Will normally 
be formed from a synthetic plastics material. 

Preferably, the apparatus comprises an electronic control 
means, such as a programmable control means comprises a 
programmable logic controller (PLC) or personal computer 
(PC). 
The electronic control means preferably controls the rate 

of the feed means feeding Waste to the pneumatic convey 
ancing means, responsive to data received from the level 
sensing device and/or the blockage sensing device. 

For example, Where the feed means comprises a screW 
thread conveyor, the speed of rotation thereof may conve 
niently be determined by the control means, acting through 
(for example) a variable frequency drive (VFD) means, or an 
inverter. 

Advantageously, the blockage sensor Will conveniently 
take the form of a pressure sensor to determine the pressure 
Within the tube. Preferably, the tube Will comprises a plu 
rality of blockage sensors, positioned at intervals (regular or 
otherwise) along said tube. 

If a blockage occurs, this causes a decrease in pressure 
(i.e. greater vacuum) betWeen the blockage and the fan or 
other suction-generating means. 

Data from the blockage sensing devices Will indicate to 
the control means the approximate location of the blockage, 
and its severity. The control means may then instigate one or 
more changes to the operation of the apparatus in order to 
clear the blockage. 

Preferably, the electronic control means reduces the rate 
of feed of Waste into the pneumatic conveyancing means, by 
sloWing or even stopping entirely the variable rate feed 
means When a blockage is sensed by said blockage sensor. 

Advantageously, an inlet valve is provided to alloW a How 
of ?ushing liquid through said tube of said pneumatic 
conveyancing means, typically the ?ushing liquid is Water or 
oil. Preferably, control means may be provided in the form 
of computer control for monitoring ?ushing of the pneu 
matic supply means. 

Preferably, at least one relief valve in said tube of said 
pneumatic conveyancing means. 

Relief valves may be may be positioned at a plurality of 
locations along the length of the tube (especially just doWn 
stream of locations in a ?xed pipe Where turbulent air How 
may cause deposition of solid Wasteisuch as after a series 
of bends or other irregularities). The relief valve(s) nearest 
to the blockage may be opened in response to a command 
from the control means and/ or may open automatically 
should the pressure at the site of the valve fall beloW a 
predetermined value. Opening of the relief valve Will alloW 
a sudden ingress of air into the pipe near the blockage Which 
may facilitate its clearance. 

Whilst a greater vacuum Will increase the velocity of air 
Within the pneumatic conveyancing means, the reduced air 
density Will reduce the ef?ciency of transport of the solid 
Waste. Accordingly, it is generally desirable that the negative 
pressure Within the pneumatic conveyancing means should 
not become loWer than 18 inches of mercury (Hg) (61 kPa). 
Accordingly it is desirable that the density of Waste in the 
apparatus should not exceed a level Which requires a greater 
vacuum than —18 inches Hg (61 kPa). And the feed rate 
should therefore be sloW enough to comply With this param 
eter. Equally hoWever, the feed rate must be high enough to 
prevent the upstream Waste collector from over-?lling. 
Accordingly it is generally preferred to provide a level 
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4 
sensing device for the upstream collector so that, if the 
collector starts to get too full, the feed rate from the collector 
to the pneumatic conveyancing means can be increased. 

The upstream Waste supply means may comprise shale 
shakers. 

Preferably, the ?rst aspect of the invention further com 
prises a level sensing device to sense the amount of Waste 
accumulated in the doWnstream Waste collector; and elec 
tronic data processing means to process data output from the 
level sensing means. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

FIG. 1A is a schematic vieW of a system according to the 
present invention. 

FIG. 1B is a schematic vieW of a system according to the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The ?rst aspect of the invention also provides a method 
for transporting solid Waste, comprising the steps of sup 
plying solid Waste material from an upstream Waste supply 
means; transporting Waste from the Waste supply means 
using feed means to a pneumatic conveyancing means; 
Which pneumatic conveyancing means comprises a tube 
Within Which Waste material is transferred from the feed 
means to a doWnstream Waste collector; Wherein said tube is 
associated With at least one blockage sensing device, and 
electronic data processing means to process data output from 
the blockage sensing device, the method further comprising 
the step of sensing a blockage With said at least one blockage 
sensing device. 
The second aspect of the invention also provides a method 

for transporting solid Waste, comprising the steps of sup 
plying solid Waste material from an upstream Waste supply 
means; transporting Waste from the Waste supply means 
using feed means to a pneumatic conveyancing means; 
Which pneumatic conveyancing means comprises a tube 
Within Which Waste is transferred from the feed means to a 
doWnstream Waste collector, Wherein the doWnstream Waste 
collector comprises a level sensing device, and electronic 
data processing means the method further comprising the 
steps of sensing the amount of Waste accumulated in the 
doWnstream Waste collector With the level sensing device 
(24A, 24B); and processing data output from the level 
sensing means (24A, 24B) With the electronic data process 
ing means. 

The invention Will noW be described by Way of example 
With reference to the accompanying draWings in Which 
FIGS. 1A and 1B, is a schematic representation of an 
apparatus in accordance With the invention. 

FIGS. 1A and 1B shoW an apparatus in accordance With 
the invention Which is suitable for processing of Waste solids 
such as drill cuttings Which might be produced at an oil Well. 

Vibratory screening machines 2A, 2B and 2C separate 
solid cuttings from drilling ?uid, and the cuttings are passed 
to a conventional screW threaded cuttings conveyor 4. The 
screW threaded cuttings conveyor 4 is knoWn as a “ditch”. 
The conveyor 4 conveys the cuttings to an upstream hopper 
6. The upstream hopper 6 is provided With a level sensing 
device (“LS”) 8. Data from the level sensing device is input 
to electronic data processing means comprised Within a 
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programmable logic controller (PLC) (not shown), Which 
PLC is a control means Which controls the operation of the 
apparatus. 

Waste solids are taken from the upstream hopper 6 to a 
pneumatic conveyancing means 9 by a variable rate feed 
means 10, Which comprises a “cuttings feed conveyor” 
driven by a variable frequency drive means 12. 

The pneumatic conveyancing means 9 comprises: a pneu 
matic line (in the form of a pipe or hose) 14, an air inlet 16, 
a Roots type bloWer 18, an air ?lter 20, and an air outlet (not 

shoWn). 
The pneumatic conveyancing means 9 transports the 

Waste by suction, in the direction shoWn by the arroWs, along 
the pneumatic line to one of tWo doWnstream Waste collec 
tors 22A and 22B (“Discharge Hopper No. l” and “Dis 
charge Hopper No. 2” respectively). Each Waste collector 
22A and 22B is provided With its oWn level sensing device 
24A and 24B. The pneumatic line 14 comprises a respective 
hopper feed valve 26A and 26B for each collector 22A and 
22B. Thus, When collector 22A is full, feed valve 26A closes 
and feed vale 26B opens, diverting further Waste to collector 
22B. Collector 22A can be emptied (by Waste outlet 28A) 
Whilst collector 22B is in use, and likeWise collector 22B can 
be discharged via outlet 28B Whilst collector 22A is in use. 

The pneumatic line 14 is provided With a plurality of 
blockage sensing devices (pressure transducers “PT”) 30. 
These detect blockages in the pneumatic line 14 by a 
strengthening of the partial vacuum doWnstream of a block 
age. Data from the blockage sensing device 30 is input into 
the data processing means of the PLC, Which can command: 
(i) alteration of the speed of the variable frequency drive 
means 12; and/or (ii) flushing of the pneumatic line 14 With 
Water or oil from a respective Water or oil inlet 32/34; and/or 
(iii) opening of one or more relief valves (not shoWn) located 
along the pneumatic line 14. If these procedures fail to clear 
the blockage the control means can generate a visible and/or 
audible alarm signal (eg in response to the pressure falling 
beloW a certain threshold for a de?ned period of time; and/or 
falling beloW a minimum desirable operating threshold). In 
addition the control means can cause an increase in the feed 
rate into the pneumatic conveyancing means if the level 
sensing device 8 associated With upstream Waste collector 
indicates that the hopper 6 is becoming too full. 

The invention claimed is: 
1. An apparatus for transporting solid Waste drill cuttings 

material produced in the drilling of an oil or gas Well, said 
solid Waste drill cuttings material in a stream produced by 
separation of said material from a mixture of said material 
With drilling ?uid, the apparatus comprising 

a Waste supply apparatus, 
a variable rate screW feeder to transport said solid Waste 

drill cuttings material from the Waste supply apparatus 
to a pneumatic conveying apparatus, said screW feeder 
having variable positive rotation, 

said pneumatic conveying apparatus having a tube Within 
Which said solid Waste drill cuttings material is trans 
ferred from the feeder to a doWnstream Waste collector, 

at least one blockage sensing device in said tube, 
control apparatus for controlling feed rate of the feeder, 

the control apparatus including electronic data process 
ing apparatus to process data output from the blockage 
sensing device for controlling the rate of the feeder 
feeding said solid Waste drill cuttings material to the 
pneumatic conveying apparatus. 

2. The apparatus of claim 1 Wherein said tube of said 
pneumatic conveying apparatus comprises a ?exible hose. 
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6 
3. The apparatus of claim 1 Wherein said tube of said 

pneumatic conveying apparatus comprises a solid Walled 
pipe. 

4. The apparatus of claim 1 further comprising 
an upstream hopper arranged betWeen the Waste supply 

apparatus and the pneumatic conveying apparatus. 
5. The apparatus of claim 4 further comprising 
a conveyor beneath said upstream hopper for feeding said 

pneumatic conveying apparatus. 
6. The apparatus of claim 5 Wherein said conveyor is of 

the screW thread type. 
7. The apparatus of claim 6 Wherein the conveyor is 

controllable so as to be able to adjust the rate at Which 
material is fed into the pneumatic conveying apparatus. 

8. The apparatus of claim 6 Wherein the conveyor has a 
variable frequency drive apparatus so that the speed of 
rotation of the conveyor can be controlled. 

9. The apparatus of claim 1 Wherein the Waste supply 
apparatus includes a conveyor. 

10. The apparatus of claim 9 Wherein said conveyor 
comprises a screW thread conveyor. 

11. The apparatus of claim 1 further comprising 
said doWnstream Waste collector provided With a level 

sensing device. 
12. The apparatus of claim 1 Wherein said pneumatic 

conveying apparatus comprises a device to provide a posi 
tive pressure, such that, in use, the positive pressure pushes 
material through said tube. 

13. The apparatus of claim 1 Wherein said pneumatic 
conveying apparatus comprises a device to provide a nega 
tive pressure, such that, in use, the negative pressure pulls 
material through said tube. 

14. The apparatus of claim 13 Wherein the negative 
pressure is betWeen —l4 to —24 inches of mercury (Hg) 
(—47.4 kPa to 81.3 kPa). 

15. The apparatus of claim 1 Wherein the pneumatic 
conveying apparatus comprises an impeller. 

16. The apparatus of claim 12 Wherein said pneumatic 
conveying apparatus is of a Roots type fan. 

17. The apparatus of claim 1 Wherein said at least one 
blockage sensing device is a pressure sensor for determining 
pressure Within the tube. 

18. The apparatus as of claim 1 Wherein said at least one 
blockage sensing device is a plurality of blockage sensors, 
positioned at intervals along said tube. 

19. The apparatus of claim 1 Wherein the control appa 
ratus can reduce rate of feed of material into the pneumatic 
conveying apparatus, by sloWing or stopping entirely the 
feeder When a blockage is sensed. 

20. The apparatus of claim 1 further comprising 
an inlet valve to alloW a How of ?ushing liquid through 

said tube of said pneumatic conveying apparatus. 
21. The apparatus of claim 1 further comprising 
a ?ushing system for ?ushing of the apparatus. 
22. The apparatus of claim 1 further comprising 
at least one relief valve in said tube of said pneumatic 

conveying apparatus. 
23. The apparatus of claim 1 Wherein said Waste supply 

apparatus comprises shale shakers. 
24. The apparatus of claim 1 further comprising 
said doWnstream Waste collector having a level sensing 

device to sense the amount of Waste accumulated in the 
doWnstream Waste collector, and 

electronic data processing apparatus to process data out 
put from the level sensing device. 
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25. A method for transporting solid Waste drill cuttings 
material produced by shale shakers in the drilling of an oil 
or gas Well, the method comprising 

supplying solid Waste drill cuttings material to an 
upstream Waste supply apparatus, 

using a variable rate screW feeder to transport said mate 
rial from the upstream Waste supply apparatus to a 
pneumatic conveying apparatus, said screW feeder hav 
ing variable positive rotation, said pneumatic convey 
ing apparatus comprising a tube Within Which material 
is transferred from the feeder to a doWnstream Waste 
collector; Wherein said tube has at least one blockage 
sensing device, and a control apparatus comprising 

8 
electronic data processing apparatus to process data 
output from the blockage sensing device, 

sensing a blockage With said at least one blockage sensing 
device, 

using said electronic data processing apparatus to process 
data output from the blockage sensing device, 

using said control apparatus to control the rate of the 
feeder feeding material to the pneumatic conveying 
apparatus based on data from the blockage sensing 
device. 


